The effects of age and context on the stereotypies of caged mink were examined in order to assess the developmental changes undergone by the behaviour, and to find contextspecificity that might suggest its motivational bases. Caged mink perform stereotypies consisting of a variety of movements, most commonly pacing and rearing, running in and out of the nestbox, and stationary head-twirling or nodding. Stereotypies are largely performed as feeding-time approaches, and many mink do not show them at all once fed. Stereotypies become more frequent and less variable with age; and in adults, individuals with the highest levels of stereotypy show the least variable forms of the behaviour and are most likely to perform it in more than one context, i.e. not solely in the pre-feeding period. These data suggest that mink stereotypies become 'established' with age, in the manner described for stereotypies in other species. However, the behaviour of kits does not follow the pattern seen in adults: kits performing stereotypies in more than one context do not have particularly high levels of the behaviour, nor are their stereotypies particularly unvarying. In addition, post-feeding stereotypies are commonly shown even by very young animals. Thus it cannot be the case that mink stereotypies are performed first in the prefeeding situation and only later in other contexts via a process of emancipation. This conclusion is further supported by the finding that the forms of the behaviour often differ pre-and post-feeding. The specific forms and contexts of mink stereotypies suggest certain motivational bases for the behaviour. The rise in stereotypies as feeding time approaches and the sustained levels seen when the animals are not fed indicate hunger as an important factor, and in one dataset, the individuals whose stereotypies were solely pre-feeding used the most Longitudinal movements (i.e. pacing and its variants). This suggests that stereotypies, and pacing movements in particular, may stem from appetitive, food-searching behaviour. In contrast, Stationary movements such as head-twirling are performed more in the hours after feeding, and in one group of mink their levels declined over the pre-feeding period as feeding time approached. The physical appearance of such movements suggests they might be derived from attempts to escape the cage. Thus mink stereotypies are 1) This paper is based on work done as part of my Ph D. thesis. I am grateful to Patrick BATESON, John FENTRESS, Mike MENDL and Ton GROOTHUIS for invaluable discussion and comment, and to Robin CLARK and Gerrit DE JONGE for their help and advice on the farms. I am particularly grateful to the Spelderholt COVP institute in the Netherlands for allowing me use of their facilities. I was supported financially by the Science and Engineering Research Council, and by a Research Fellowship from Clare College, Cambridge University.
probably seen in a range of contexts because they develop from several different behaviour patterns, with different motivational bases. The link, in adults, between performance in this range of contexts and the degree of establishment of the behaviour may be explained in one of two ways. In one adult group the data suggest that animals with stereotypy in more than one context incorporate the typically post-feeding Stationary movements into their prefeeding behaviour, as if emancipation of this movement had occurred. However, data from the other adult group do not support this hypothesis, and the degree of establishment and the number of contexts in which stereotypies are performed may not be causally linked at all, but instead the independent products of individual propensities to develop stereotypic behaviour. Sex and site differences have yet to be fully explained. Females show consistently higher levels of stereotypy than males, as if perhaps they find the environment more frustrating. There are also enormous differences in the frequency and incidence of the behaviour on the two different sites studied.
Introduction
A stereotypy is a behaviour pattern that is repetitive, unvarying, and has no obvious goal or function (e.g. Fox, 1965; HUTT & HUTT, 1970; ODBERG, 1978; WIEPKEMA et al., 1983) . Stereotypies are often performed by captive animals (for recent reviews see MASON, 1991a, b) , and examples include pacing by polar bears (WECHSLER, 1991) , bar-chewing by sows (e.g. WrErxEMA et al., 1983) , and stable-weaving by horses (e.g. KILEY-WORTHINGTON, 1983) . Stereotypies are interesting theoretically because they are abnormal, both in the sense of having no apparent function and often also in the sense of being seemingly absent from the 'normal', i.e. the healthy and free-living, animal. Furthermore, they are of concern to applied ethologists because they are often associated with poor welfare (e.g. reviewed MASON, 1991 a, b) .
Many causal factors have been implicated in the development of stereotypies. One cause is high levels of a specific motivation. For example, the stereotypies performed by rodents as feeding time approaches, on a laboratory regime of periodic feeding, seem related to appetitive behaviour (STADDON & SIMMELHAG, 1971; ANDERSON & SHETTLEWORTH, 1977) .
Likewise the paw-raising stereotypy seen in a male okapi housed next to an inaccessible female seems to have developed from sustained repetition of part of the courtship sequence (ODBERG, 1978) . In other cases of stereotypy, however, the specific motivational basis is not so clear and the behaviour does not seem to arise from a particular normal behaviour
pattern. An example is the body-rocking stereotypy that often appears in young primates reared in isolation (e.g. DRAPER & BERNSTEIN, 1963; BERKSON, 1968) , and which may possibly act as a source of comforting stimulation in a barren and asocial environment (STONE, 1964; BERKSON, 1967) . A wide range of non-specific factors can also often cause stereotypies to be performed once they have passed a certain stage of development. They may then be elicited if the animal is aroused (BERKSON & MASON, 1964; FENTRESS, 1973 FENTRESS, , 1976 or physically active (e.g. the stereotypies of voles follow the daily rhythms of general activity; ODBERG, 1986) . Low behavioural competition can also increase their performance (e.g. HINDE 1962; DUNCAN & WooD-GusH, 1974 , interpreting the data of KEIPER, 1970) . Stereotypies thus usually develop over time, and their characteristics change as the behaviour becomes more established. They change in two principle ways. First, established stereotypies differ from developing ones in being much more difficult to discourage or interrupt (KILEY-WoRTH-INGTON, 1977; CRONIN al., 1984; COOPER & ODBERG, 1991) , and they are also less variable (MEYER-HOLZAPFEL, 1968; FENTRESS, 1976; CRONIN et al., 1984) . The process of establishment may be due to the growing predominance of central control (e.g. FENTRESS, 1976) , in which the central nervous system sends out precise, fixed patterns of instructions to the muscles with no reliance on external factors such as feedback for the control of the behaviour (e.g. HINDE, 1970, p. 26) . Central control can develop in frequently-performed behaviour patterns, e.g. in human skills (MARTINIUK, 1976) such as typing. Alternatively, other similar developmental processes may explain the changes undergone by stereotypy, namely those processes underlying the development and form-fixation of displays (GROOTIIms, 1993) , the crystallisation of birdsong (MARLER et al., 1988; MARLER, 1991) , or the formation of habits (NORMAN, 1981) . These are all superficially similar phenomena, although their underlying mechanisms may well be very different (see GROOTHUIS, 1993 and MASON & TURNER, 1993) .
The second way in which stereotypies change as they develop is that they become more readily elicited, so much so that they come to be seen in new circumstances, not just the originally eliciting one (e.g. ODBERG, 1978) . This uncoupling of behaviour from its original causal factors is known as emancipation (e.g. GROOTIIms, 1989; reviewed MASON, 1991 a, b) . Stereotypies may now be performed in the absence of any apparent stress or conflict (KENNES 2t al., 1988) , and they may even be facilitated by stimuli that would have interrupted them earlier in their development (FENTRESS, 1977) . Similar changes in the context of performance occur in displays, e.g. the oblique display of the black-headed gull (GxooTHms, 1989) , and in learnt behaviour patterns that have been often repeated and that then come to be elicited by secondary cues that have become associated with the conditional stimulus (BINDRA, 1959 , cited in HINDE, 1970 HALL & HALLIDAY, 1992, p. 153 (MASON, 1991 (MASON, a, 1993 .
Caged mink were chosen as subjects as previous research had shown that they often performed stereotypies, and that these differed in frequency and form between individuals (e.g. DEJONGE et al., 1986; HANSEN, 1989; BILDSOE et al., 1990a; . This individual variation thus provided a potential means of investigating the sources, and also the development, of the behaviour. Mink are also suitable subjects because on farms they are housed in identical conditions in very large numbers.
Materials and methods
Subjects and housing.
The American mink, Mustela vison, has been farmed for its fur for 50-80 generations (HELLER, 1989) . The subjects for this study were housed on two farms, one in the UK (in 1988 and 1989) , and the other in the Netherlands (in 1990) . The 1988-1989 study site consisted of a nucleus of about 2000 females, and at the peak of the breeding season housed some 12 000 animals. The mink were individually housed outdoors, in cages measuring 0.75 x 0.35 x 0.35 m, with wooden nestboxes. As the cages were wire mesh, the mink could see, hear and smell each other. The cages were in long, parallel rows of 200, and each pair of rows was roofed over to form a long shed, the walls of which were left open. Once a day, between 1130 and 1500 hours, a feeding machine was driven along each shed, and an offalbased paste was deposited on each cage-top. Water was provided ad lib.; the mink drank by pressing a nipple on the water pipe running the length of each shed. The first young mink (kits) were born at the end of April, and whelping continued until the end of May. At about two months of age, kits were removed from their mothers and re-housed in male-female pairs. They stayed in pairs until the pelting season in November, when they were six months of age. Adult mink were caged individually. The Dutch farm was much smaller, having a nucleus of only 500 females. Housing was very similar to the UK study site. However, feeding differed from the UK farm in two respects. The animals were fed twice a day, receiving a small supplementary meal in the morning, between 0830 & 0930, and their main meal late in the afternoon, between 1600 & 1700. Also, the food was delivered manually from a hand-pushed trolley.
The most common coat colour strain, Wild Type, was used in this study. Four groups of mink were observed, two groups of adults and two groups of kits. All adult subject animals were females ranging in age from one to four years. 105 were studied in 1988, and l 14 in 1989. The kits studied in 1988 (51 females and 48 males) were largely housed in pairs, and were six months old at the time of the study. 1990's kits (44 females and 51 males) were seven months old and had been singly-housed for a week at the time of data collection. Some of the adult females in 1989 had already been observed some months previously. Forty-one had been observed twelve months earlier, as part of 1988's adult dataset, and fifteen had been observed four months earlier as part of 1988's kit dataset.
Measuring stereotypies.
Method of data collection. I observed the mink from the shed neighbouring their own, so that my presence would disturb them as little as possible. The mink seemed to pay little attention to quiet activity, and human observation from a neighbouring shed has been shown (through comparison with video-recordings) to have no significant effect on their behaviour (BILDSOE et al., 1990b; HELLER SL JEPPESEN, 1990) .
Data collection involved scanning and focal sampling JENSON et al., 1986; MARTIN & BATESON, 1986, pp. 48-49) . In addition, behaviour patterns seldom observed during systemmatic data collection were recorded as 'rare events' (see MARTIN & BATESON, 1986, p. 51) . ). When scanning, I moved down the row from one cage to the next in the same order on each successive scan. Observations were never collected less than ten minutes apart, so that they would be reasonably independent. As the row was scanned, instantaneous sampling was used to record behaviour patterns that were identifiable immediately and apparently normal (e.g. eating, sleeping, drinking, grooming, standing or lying alert). However, this was unsuitable for behaviour that was not obviously consummatory, or that involved a sequence of movements which I wanted to observe for repetitiveness. These behaviour patterns were continuously observed for up to 15 seconds. Observation ceased if a regular pattern (three successive repetitions of a movement or sequence of movements) emerged.
For adult data, the cage row was scanned on average 25 times a day, for 14 days in late March and early April. Observations were made between 0800 and 1730 hours, both before and after feeding. For 1988's adults, observations were also made over one night using a Nightscope image intensifier. The kits of 1988 were observed 20 times at day for 14 days in late November and early December. In 1990, kits were scanned 18 times a day, for 8 days in early December. Only limited observations of post-feeding behaviour were made in 1990, as feeding occurred just before dusk. The kits were scanned for the short time available before it became too dark, and any post-feeding stereotypy seen was recorded as a rare event. In all groups observed, the time of each scan, and of feeding, were always noted.
Assessing the type and nature of stereotypy. All repetitive sequences of movements with no obvious goal or function were classified as stereotypies. These included sequences involving some unpredictable, occasional elements (e.g. a mink might pace in a regular way, but sporadically perform a rear in one corner of the cage), because over the days of observation it became clear that individual animals always used the same elements in such sequences. Thus the order of the movements might not be predictable in a single focal observation, but an individual's use of a particular combination of movements was highly recurrent from observation to observation, and from day to day.
Each stereotypy was described as fully as possible, with occasional, unpredictable, elements recorded in parentheses. The location was also recorded: i.e. whether at the front, back, left, or right of the cage, or involving the drinker nipple or the cage ceiling.
Some behaviour patterns did not appear entirely normal and goal-directed, but did not have the rhythmicity necessary to be classed as stereotypies. Some of these behaviour patterns involved the movements seen in stereotypies but with no repetition during a 15 second observation, while others involved switches between normal, consummatory activity and stereotypic elements at a rate too great for reliable instantaneous sampling (there might have been a bias towards the most conspicuous behaviour). These types of behaviour were classified as 'Complex' rather than stereotypic.
The type and nature of the stereotypy, and stereotypy-like Complex behaviour, was assessed for each mink in a number of ways. From the data for each animal: i) the proportion of observations spent in stereotypies, normal activity, inactivity, and Complex behaviour was calculated; ii) Stereotypy and Complex behaviour were combined into a broader category termed Restless behaviour, and the proportion of observations spent in this was calculated; iii) the proportion of observations spent in stereotypies that involved three or more unvarying and sequential repetitions during an observation was calculated; such behaviour was termed Rigid stereotypy. iv) the proportion of stereotypy involving particular movements (described in detail in the Results section) was calculated; and whether a preferred movement occurred in more than half the individual's stereotypy was also noted; v) the proportion of Restless behaviour made up of stereotypies was calculated, and also the proportion of stereotypies that were Rigid (this last is henceforth called the Rigidity Index). The variability and morphology scores (iii-v) were only calculated for those animals who had five or more observations of stereotypy. The context of each individual's stereotypy was also recorded, the most clear distinction being between the performance of stereotypies pre-and post-feeding.
In addition, a random 30 animals from each group were selected and their stereotypies examined in more detail. The number of elements used in each stereotypic sequence was counted, and a mean for each individual calculated. From the individual means, an average for each group was calculated. The number of different stereotypic sequences used by each individual was also counted, and again, a group mean calculated. A stereotypic sequence was defined as the repeated combination of elements making up a single stcreotypy. No distinction was made between a predictably recurrent element and an unpredictably recurrent element; thus 'pace with an occasional rear at one end of the cage' was not considered a different sequence from 'pace with a rear at one end of the cage'. However, such a sequence would be considered different from 'pace, never rearing', and 'pace with a rear at each end of the cage'. Such distinctions are of course essentially arbitrary, but the data they generate should give an impression of the range of stereotypies displayed.
The effects of age. To see if stereotypies changed with age, four comparisons were made. The female kits observed in 1988 were compared with the female adults observed that same year. Within each adult dataset, mink aged between two and four years were combined into one category ('Multiparous'), as there were relatively few mink in each of these older cohorts, and compared with one-year old, primiparous animals. Longitudinal comparisons were also possible for the two groups of mink (some of 1988's kits and some of 1988's adults), from whom additional data were collected in the spring of 1989.
Statistical analysis of the data. Before statistical analysis, a number of checks were made on the data. Wherc it was difficult to ascertain if enough data had been collected, they were checked for internal reliability with split-half analyses (MARTIN & BATESON, 1986, p.32) . Where correlational analyses were to be performed, scatter plots of the data were examined beforehand to ensure that outliers were not creating or obscuring a significant result, and that non-linear relationships were not passed over. Parametric statistics were only used where the data met the assumptions required (e.g. SIEGEL & CASTELLAN, 1988, p. 34) . However, transformations of non-normal stereotypy data were impossible as the principle problem was the great number of zeros.
In the Results section, means are presented with their standard deviations for normal data only. For analyses involving 1989's data, females who had also been watched the previous year were excluded (except where otherwise indicated), so that the sample was an independent replicate of the 1988 study. Statistical tests involving Rigid stereotypy, as opposed to those involving the broader Stereotypy measure, are only presented if they gave significant results not found otherwise.
Results
Results are presented in the following order. Fox, 1971 ) described below (Table 3) . Other movements were also seen, though far less frequently. These included: somersaulting backwards; pacing on the hind legs; performing sequences of rears using all parts of the cage unpredictably; U-shaped and Table 4 ). For example, one particular adult would repeat the following pattern of movements: twirl head around drinker-enter and leave nestbox-rear in back left corner of the cage -enter and leave nestbox -twirl head around drinker -(repeat). Individuals varied widely in the complexity of their stereotypies. A mink might have one or several different stereotypic sequences, with most animals having between two and four as can be seen in Table 5 .
To summarise these complex data, a typical mink combined three elements into two, three or four stereotypic sequences, each of which involved one or two of these elements.
Some stereotypic elements were combined for further analysis, to reduce the number of statistical tests performed and to lump behaviour The results of assessing the variability of mink stereotypies are presented in Table 7 . Individuals varied within, and also between, groups. The data reveal age-and site-differences, although no significant sex differences. Some qualitative impressions were gained of variation in the location, speed and precise timing of mink stereotypies. These attributes could vary even when the form of the sequence was predictable. In all the groups, the part of the cage used was influenced by the feeding machine, the mink orientating towards it as it drew near. When not feeder-related, the sidepreference might be determined by the position of a neighbouring animal, mink sometimes even following each other and mirroring each Tables 8a & 8b ). During the pre-feeding period, stereotypy levels rose as feeding time approached. For example, in 1988, the stereotypy level of the average adult female rose over the six hours pre-feeding from around 20% observations to around 60% (see Fig. 3 ). In these adults, animals were sometimes observed performing stereotypies as early as seven or eight hours before feeding.
After feeding, stereotypy then decreased to a very low level. All the groups observed followed a similar diurnal pattern. A similar morning rise in the stereotypies of 1988's adults occurred on a day when no animals were fed anywhere on the farm (Fig. 4) higher stereotypy levels than male kits: in 1988, stereotypy levels prefeeding (Unpaired T test: t = 3.35, df = 97, p<0.01 ) and post-feeding (U = 809.5, p<0.01) were higher in females, and in 1990 this was a trend for stereotypy pre-feeding (p<0.10), but significant for Rigid stereotypy prefeeding (U = 820.5, p<0.05).2)
2) This sex difference was also found in adults; analysis of unpublished data collected by G. DE JONGE showed females (N = 16) to spend more time in stereotypy than males (N = 24) (U = 98, p<0.01 ). The kits also revealed site differences, with the animals of the UK site having the highest levels of pre-feeding stereotypy (females: U = 502.5, p<0.0001; males: U = 347.5, p<0.0001). This difference remained significant when kits with no stereotypy at all were excluded.
IV. Effects of age-additional data.
a) Adult age and stereotypy-comparisons within each group.
Hardly any differences were found between the primiparous and multiparous females. There were no significant differences in their stereotypy's form, nor in the proportion of animals with stereotypy post-feeding. The one difference in frequency was that in 1989, primiparous females (N = 57) had lower levels of Rigid stereotypy pre-feeding than the older mink (N = 49) (Unpaired T test: t = 2.06, p<0.05; mean for primipares = 37.1±16.0 %; mean for multipares = 43.0±15.9 %). b) Longitudinal studies over time.
i) Kits at six and ten months of age.
In mink observed as kits in November 1988 and then as young adults in ii) Longitudinal studies of adults. The results are presented in Table 9 . As can be seen, mink sometimes changed their behaviour from one Longitudinal form to another, or from one Stationary form to another, but otherwise their behaviour was remarkably stable.
V. Interrelations between aspects of stereotypy.
a) Frequency, variabl*llty and context.
The relationship between the levels of stereotypy pre-and post-feeding is shown in Fig. 8a stereotypy always performed it in the pre-feeding period (with the single exception of one male kit in 1988). Amongst the adults, it can be seen that high levels of pre-feeding stereotypy were linked with high levels of stereotypy post-feeding. Classifying animals according to whether or not their stereotypies were performed outside the pre-feeding context revealed that adult mink performing stereotypies in more than one context had higher levels pre-feeding (see Table 10 ). However, the pattern for kits did not resemble that of adults. Kits with post-feeding stereotypy did not have higher levels of pre-feeding stereotypy, in either dataset (1988: Unpaired T-test; 1990: Mann-Whitney U test). Thus adults and kits differed in how their stereotypies were distributed over the day: adults tended to show stereotypies post-feeding only if their pre-feeding levels were high; kits, however, could have relatively low levels pre-feeding with relatively high levels post-feeding. These age differences were demonstrated further by calculating the levels of postfeeding stereotypy for kits and adults in 1988 with above or below their group's median level of pre-feeding stereotypy. Amongst the adults, mink mink from one year to the next with above median levels of pre-feeding stereotypy (N = 79) had higher levels of stereotypy post-feeding than those with below median levels (N = 26) (mean = 2.49% post-feeding, compared to 0.58%; U = 713.5, p<0.05). However, there was no such significant difference in the kits: whether stereotypy levels were high or low pre-feeding did not predict their levels post-feeding.
The variability of stereotypies was also related to when they were performed, in the adults. Adult mink that performed stereotypies in more than one context were less variable in their movements than other mink, in terms of Rigidity Index (see Table 10 ). Again, however, in kits the relationship between the timing and variability of stereotypies did not fit the adult pattern: the variability of the kits' behaviour was not decreased if the stereotypies were seen in more than one context (Unpaired T-tests:
The frequency of an adult mink's stereotypy also predicted its variability, with variability decreasing with higher frequencies of the behaviour. Stereotypy levels pre-feeding In addition to variability, the forms of stereotypy used by different individuals could also be predicted from the contexts in which the behaviour was performed.
In the adults of 1988, animals which did or did not show stereotypies outside the pre-feeding situation had different preferred movements. If a Comparing stereotypies pre-feeding with those performed post-feeding showed no significant difference in the proportion of stereotypies made up of Longitudinal movements before and after feeding (Wilcoxon test), but there was a trend for Stationary elements to make up a greater proportion of stereotypies after feeding than before (Z = 1.95, p = 0.055), while using the nextbox was seen during more of the stereotypies before feeding (Z = 3.17, p<0.01). However, these results were not replicated in
1989.
To see if stereotypies changed in form during the pre-feeding period, individuals who generally started the behaviour early in the day were selected from each dataset, and stereotypy early in the day (i.e. over three hours to over six hours before the arrival of food, depending on the group) was compared to the same individual's stereotypy in the last hour before food. There were no significant results for the 1988 adults (N = 30), but in the 1989 adults (N = 19), the use of the nestbox increased as feeding time approached (Z = 2.55, p<0.05).
Amongst the kits, the only significant associations between context and form were as follows. In 1988's kits, Stationary elements occurred in a greater proportion of stereotypies post-feeding than pre-feeding (Sign Test: N = 17, x = 3, p<0.05; sexes were combined because of small sample sizes). Longitiudinal movements did not differ in relative frequency before or after feeding, as in the adults. The following difference was found between stereotypy early in the day and that performed just before feeding: in the kits of 1988 (N = 17), Stationary elements were found in fewer stereotypies as feeding approached (Z = 2.41, p<0.05). No differences were found in the kits of 1990 (N = 16).
Thus overall, although similar movements were seen pre-and postfeeding, Stationary elements seemed least prevalent as the arrival of food approached and most prevalent post-feeding, while the converse was true for running in and out of the nestbox. Longitudinal movements were also associated with the pre-feeding context, in one dataset.
Discussion
Introduction.
Mink stereotypies involved certain movements that recurred again and again across the populations studied. Stationary elements and Longitudinal movements were the most common forms on both sites, as they have been found to be in a Danish population (HANSEN, in press). However, some individuals also developed uncommon, idiosyncratic movements such as somersaulting. The combination of individual differences and species-typical morphologies resembles that found for the stereotypies of stall-housed sows (CRONIN et al., 1984) . Although some differences may be trivial (such as whether a mink rears at one or at both ends of a cage), the variation in form does suggest that mink stereotypies may be heterogeneous in causation.
The mink also differed in the complexity of their stereotypies, and the number of different movements that they employed. Some performed a single repeated element or sequence, but most performed more than one type of sequence. This confirms the findings of HANSEN (in press), and conflicts with DEJONGE et al. (1986) 's statement that 'if [a mink] has one stereotypy, we do not see a second'. There was no evidence, however, that sequences involved greater numbers of elements with age, as has been reported in sows (CRONIN et al., 1984) . Individual mink also differed in the variability of their stereotypies, and again this resembles the type of individual variation recorded in pigs (e.g. CRONIN & WIEPKEMA, 1984) .
Individual differences in variability may be influenced by individual differences in the ease with which behaviour becomes routine-like (MASON, 1991b) . However, the variability of the behaviour also depended on its age and degree of 'establishment', as discussed below.
Development of mink stereotypy.
Developmental data came from comparing 1988's adult and kit females, the primiparous and multiparous females within each adult dataset, kit behaviour in the autumn of 1988 with their behaviour in the spring of 1989, and adults observed in 1988 with their behaviour in 1989. Note that comparisons of kit behaviour in the autumn with that of animals observed in the spring are difficult to interpret for a number of reasons.
Differences
could be due to season rather than age, and the kits were paired rather than being housed singly. Therefore, significant results will only be considered here if they occurred in the other types of comparison too.
In the Introduction, two types of change were described in the development of stereotypies in other species: establishment and emancipation. Mink stereotypy showed signs of increasing establishment with age in three ways. First, the variability of the behaviour decreased with time. The proportion of Restless behaviour made up of stereotypies was higher in adults than in kits; it increased in kits between autumn and the following spring; and it increased in adult females observed from one year to the next. Second, the frequency of the stereotypies increased. Kits had lower levels than adults, and their levels increased between autumn and the following spring; Rigid stereotypy levels were also higher in the multiparous than the primiparous females of 1988 (although this was not the case in 1989). Finally, in the adult animals, there was an association between high levels of stereotypy, low variability of stereotypy, and the behaviour being seen in more than one context. Thus by adulthood, high levels correlated with high Stereotypy/Restless scores, and mink whose stereotypies were seen outside the pre-feeding period had both higher levels of pre-feeding stereotypy, and higher Rigidity Indices. A decrease in variability with age, as measured by intra-individual variation in the speed of performance of stereotypy, has also been found in mink by CARLSTEAD & nE JONGE (unpublished data). Establishment in other species has been linked with lower interruptibility, as discussed in the Introduction. If this was behind the increasing frequency of the behaviour in the older mink, however, it did not mean the animals were oblivious to external stimuli. Even the adult mink, even when performing stereotypies at high speeds, would change the orientation of the behaviour, moving from one side of the cage to the other to follow the feeder as it passed by.
For mink stereotypies to be reliably compared with the developing and established stereotypies of other species, some further experiments need to be conducted. Established stereotypies have been reported to be inhibited by dopamine receptor antagonists but not by opiate receptor antagonists (CRONIN et al., 1985; KErrrrES et al., 1988) , and unlike younger forms of the behaviour, they cannot be inhibited by anxiolytic agents (FELDMAN & GREEN, 1967; DUNCAN & WooD-GusH, 1974 (MASON, 1991b) , and that the number of contexts and the frequency/variability of the behaviour are independent products of this propensity. Thus it seems that stereotypies are potentially performed in more than one context even at early stages of their development, and these movements may well first emerge in a number of different contexts. The following section considers the possible motivational bases of mink stereotypies in more detail.
Possible motivational bases for the stereotypies of mink.
All mink with stereotypies performed this behaviour in the run-up to feeding. The pre-feeding peak is similar to that of the stereotypies of other carnivores, such as captive bears (MEYER-HoLZaPFEL, 1968; though cf. WECHSLER, 1991) and fennec foxes (ODBERG, 1987) . Note that this peak in stereotypy has not been superstitiously conditioned by the daily arrival of food. Mink fed ad lib. from a young age develop no less stereotypy than other mink, although the performance of their stereotypies is much more spread over the day (GRAS, 1987; HANSEN & HANSEN, 1992) . Similarly, STADDON & SIMMELHAG (1971) did not believe the pre-feeding stereotypies of their laboratory rodents to be superstitious (see also ROPER, 1983) . Instead, appetitive behaviour may be a behavioural need which most mink could not help but perform. In the wild, carnivores have to show locomotor activity before they can obtain food, and they often remain motivated to perform hunting-like behaviour in captivity even though it is now unnecessary for feeding purposes (reviewed TOTES & JENSEN, 1991; see also MORRIS, 1964) . This pre-feeding activity contrasts with the situation in pigs, who are by nature opportunistic foragers and whose stereotypies are performed after eating their often inadequate meals (e.g. CRONIN et al., 1984) . The sustained high levels of stereotypy on the day when the mink were not fed suggest that hunger is an important factor; and BILDSOE et al. (1991) found that a 30% reduction in food led to a tripling of mink stereotypy levels. The role of hunger in potentiating the performance of stereotypies resembles that in pigs (e.g. APPLEBY & LAW-RENCE, 1987; TERLOUW et al., 1991; RUSHEN et al., 1993) . In 1988's adults, Longitudinal movements were particularly associated with the pre-feeding period: if an animal's stereotypy was exclusively prefeeding, more of its stereotypy was likely to consist of these movements. DE JONGE (unpubl. data) has also found that pacing shows by far the steepest increase in the run-up to feeding, compared to head-twirling and other stereotypic movements.
In addition, MASON (1992a) found that male kits with the most behavioural signs of interest in food before the development of stereotypy went on to use Longitudinal movements to the greatest extent. Wild mink searching for prey move to and fro across a small area, usually less than 300 m across (GERELL, 1969) , so perhaps the to-ing and fro-ing of the caged mink parallels the activity of the hunting animal. , 1990b) , and increase again when the kits are removed from her . However, the establishment of stereotypies may decrease the sensitivity with which they reflect states of reduced welfare. If the behaviour becomes more readily elicited and less easily interrupted, it may be slipped into and sustained even when the animal is not, say, in a state of high, frustrated, motivation (for more details see MASON, 1991b) . This may explain why in the adults, and especially the multiparous females, stereotypy levels and signs of poor welfare no longer correlate (MASON, 1992a, b) .
Site and sex differences.
The sex and site differences in the stereotypies of mink were pronounced.
The higher level of stereotypy shown by the UK compared to the Dutch mink was remarkable, and there were also differences in form. Indeed some elements seem specific to different populations: somersaulting is never seen in the Dutch mink (DEJONGE, pers. comm.), while stereotyped scratching at the cage wire, and rolling the head between the forelimbs, seem unique to Danish animals (HANSEN, 1988; BILDSOE et al., 1990a) .
Aspects of husbandry could play a role. For example, the mink on the Dutch farm were always fed within the same hour from one day to the next, while on the UK farm feeding time was far less predictable. The Dutch mink were also fed twice a day, and because feeding was not mechanised it was a much quieter affair. Furthermore, 1990's kits were single-housed, while 1988's kits were still in male-female pairs. In addition, there may well be genetic differences between the two sites, as found in a Danish study of stereotypies in which mink from three different farms, with greatly differing levels of stereotypy, were housed together on a single site and only mated within their own lines. The three strains retained their different levels of stereotypy even though their housing conditions were now identical JEPPESEN et al., 1990) .
That females showed much higher levels than males is difficult to explain as they are considerably smaller (e.g. , and in the wild would have smaller territories (BIRKS & LINN, 1982; ; one might therefore expect them to find the cage slightly less constraining.
They may either have been more highly motivated to perform the behaviour patterns from which stereotypies arise (and hence may be more frustrated by life in captivity), or general behavioural and physiological differences might have increased the ease with which unvarying, repetitive sequences developed from the source behaviour in females (MASON, 1991 b) . One possible explanation is that past experience played a role. There is some evidence that being housed in pairs as kits may be detrimental to the female as the male can dominate her in the competition for food. Gaining relatively little weight during this period, and being caged with a bold rather than a timid male, predicted the development of stereotypies in young females on the Dutch site (MASON, 1992a) .
Identifying mink stereotypies-theory and practice.
Stereotypies are defined as being rigid, repetitive, and with no obvious
function, yet deciding on the exact criteria for classification (how repeti-tive is 'repetitive'?) is essentially arbitrary (e.g. MASON, 1991a MASON, , 1993 , 1984; RUSHEN, 1984 RUSHEN, , 1985 WIEPKEMA & SCHOUTEN, 1992) as well as mink. Such heterogeneity within the stereotypies of a single species, in a single housing condition,
indicates that when collecting data on stereotypies, descriptions should always be detailed (see also MASON, 1993) , and based on form rather than solely on some secondary characteristic such as complexity (cf. DEJONGE et al. 1986 ).
Conclusions and future work.
This study showed mink stereotypies to become less variable and more frequent with age, as expected from previous studies of stereotypies and other unvarying behaviour patterns. However, what precise developmental processes are responsible for this change, and what changes in neurological basis or emotional correlates also occur, needs further study. In addition, the role played by emancipation in influencing when particular movements are performed as the mink ages needs to be investigated in a detailed longitudinal study. This study also suggested possible motivational bases for some of the stereotypies of mink, although bizarre movements such as somersaulting remain mysterious, and more information is still needed. (For example, are the post-feeding stereotypies seen when all is quiet different from those seen when the mink are disturbed or apparently upset?) However, this study has generated specific hypotheses which can now be tested by varying aspects of the environment and/or the animals' motivational state. The knowledge can then perhaps be used to improve these animals' welfare.
